Extracted human teeth have been used to practice operative techniques for a very long time. As a natural surrogate for a live tooth in vivo, their use has traditionally been very important for the development of skills in trainee dentists, as well as their qualified colleagues who wish to practise existing or new skills. As synthetic alternatives develop greater authenticity, alongside a society in which many retain their natural dentition well into old age, the current paradigm relating to how extracted teeth in dental education are used needs to be revisited. An ethical and legal dilemma that must be addressed within dental education relates to where and how teeth may be sourced. This article will seek to question whether there is a legal or ethical requirement to gain consent for the use of extracted teeth from patients, as well as exploring the status of whether extracted dental tissue can be considered to be the property of either patient or surgeon. Whilst synthetic alternatives are being utilized more frequently in education, it is unlikely that they will completely replace extracted natural teeth in the immediate future. It is therefore imperative that their use complies with legal doctrine and contemporary ethical thought.
THE USE OF NATURAL AND ARTIFICIAL TEETH
Many dentists will have both fond and not so fond memories of practising upon extracted teeth imbedded in a supporting medium, typically wax, plaster or impression compound, during their dental school training. As a potentially free and abundant resource, with near perfect likeness to vital teeth, extracted teeth have been used as a tool in dental education to develop practical skills. This article has been written in response to questions being raised about whether extracted teeth should be retained in dental practice and given to students to use in their dental training. Students seeking extracted teeth from private practice reported that often dentists explained to them that they felt uneasy about the legal issues surrounding the retention of human teeth for use in dental education. The largest concern seemed to be related to consent, as these teeth were being donated from practices where patients are not always made aware of this potential post-extraction use.
Historically, dental programs have relied heavily on an abundant supply of natural, extracted teeth for clinical skills exercises. As older patients retain their teeth for longer due to changes in patterns of disease, treatment modalities and lifestyle, the supply of suitable extracted teeth for learning and teaching purposes is being diminished. Dental education has compensated for this shortage in natural extracted teeth, as well as concerns over health and safety, by adopting the use of artificial teeth.
Artificial plastic teeth and models are popular alternatives to natural extracted teeth. Both plain and layered resin teeth offer dental crown anatomy suitable for students to develop the manual dexterity skills required in preclinical exercises including cavity preparation, direct restoration placement, preparation of teeth for indirect restorations and the cutting of endodontic access cavities. The introduction of artificial teeth into dental education has allowed standardisation in delivery and assessment of practical dental exams.
Multilayered resin teeth offer visual cues to the different layers of tooth structure; enamel, dentine as well as their carious states. However, they lack the 'feel' or texture of cutting natural teeth. [1] [2] [3] There has been considerable development of simulated resin teeth for endodontic exercises replicating basic internal canal anatomy of teeth as seen with simple Endo-vu TM blocks, and tooth replicas by Acadental (Overland Park, KS, USA). More sophisticated resin endodontic teeth such as those available from Smile Factory (F abrica de Sorrisos, Avuj a, São Paulo, Brazil) include pulp tissue in both the pulp chamber and canals, however, the unrealistic viscosity of the pulp tissue makes it difficult to remove. The predominant limitation of these endodontic simulated teeth is that the resin hardness is very different to that of natural dentine, giving students the impression that there is not too much resistance required in retrieving pulp tissue in a natural tooth. 4 Additionally, as with the artificial teeth available for other purposes, there are also limitations with the tactile sensation associated with instrument contact with the use of these teeth. 5 Recent studies reveal that there is no difference in the training of students in endodontic techniques when using artificial or natural teeth. 6, 7 However, student assessment of endodontic competency on artificial teeth is cautioned, with training on natural teeth being regarded as more reliable. 7 Alternative methods used in teaching dental students clinical skills include the use of virtual simulators such as the Moog Simodont â Dental Trainer. 8 This computerized system involves haptic technology that provides touch feedback combined with the three-dimensional visualization of virtual teeth. The result is a high-fidelity experience of cutting and restoring teeth as well as removing carious tooth structure in a reproducible and safe learning environment. Virtual endodontic software programs are, to date, limited to access cavity preparations. 4 The introduction of artificial teeth has helped to overcome the issues associated with disinfection and sterilization of natural teeth. Although there have been no reported cases of disease transmission with natural extracted teeth, human teeth are considered as potential sources of blood-borne pathogens. 1, 9 Disease transmission may be spread by aerosol or through sharps injury whilst handling contaminated dental instruments. 10 In the USA, the Centre for Disease Control and Prevention (CDC) has developed infection control guidelines for teeth in educational settings. The CDC recommends that teeth not containing amalgam should be cleaned of blood and debris, autoclaved for 40 min and stored thereafter in a medium of diluted bleach. The CDC also claims that this process does not alter the physical properties of the extracted teeth to take away from the learning experience in preclinical laboratory exercises. 11 However, the same cannot be claimed when teeth are to be used for research purposes where autoclaving will cause change of the tooth structure.
12 Amalgam-filled teeth
should not be autoclaved due to the release of hazardous mercury vapour; instead, the CDC recommends these teeth be immersed in 10% formalin for 2 weeks. 11 Currently, the Australian dental educational context has no set guidelines equivalent to those from the CDC; the US guidelines hold only advisory authority in Australia.
Artificial teeth cannot replace the clinical skills exercises involving bonding materials to tooth structure and natural teeth offer unrivalled experience of the removal of carious tooth tissue. The limitations of the plastic teeth available for simulated endodontic therapy previously described also limit the extent to which these teeth are able to offer an authentic learning experience.
As the demographic of the student base shifts towards a composition with a larger number of international students, instructors are frequently asked whether students may source teeth from overseas and bring these into the country. To do this would require compliance to the regulation set out by the Department of Agriculture, the guidelines differing dependent upon the condition of the teeth proposed for import. The lowest amount of import regulation pertains to teeth that are dry and cleaned of all associated soft tissues. These fall into the category of human bones, hair and skeletons. To import these, no permit is needed although 48 h notice is needed to the Department of Agriculture Biosecurity offices at the port of entry. 13 The imported items would also need inspecting upon arrival into the country. If students would be prepared to do this then importing dried teeth is an option for them, however, teeth that have not been stored in a liquid may become brittle and hence not suitable for clinical skills practice. Quite often, teeth are stored in a diluted solution of bleach (sodium hypochlorite).
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Sodium hypochlorite is not permitted by the Civil Aviation Safety Authority to be carried in either hold or carry-on luggage.
14 Whilst the Civil Aviation Safety Authority states household bleach is not permitted, it is uncertain whether the same concerns and restrictions apply to diluted solutions of sodium hypochlorite. The situation involving import is completely different in the case of teeth that are wet or that have remnants of soft tissue attached still. Where a non-dried tooth exists that still has associated tissue present (including the pulpal remnants) this follows a different set of guidelines that requires practical steps and permits so as to make the exercise impractical. 15 From anecdotal experience, students often are not aware of these requirements, but also do not report difficulties encountered with customs officials when bringing teeth into Australia without having considered the Department of Agriculture's policy.
There is conflicting guidance as to the classification of human teeth in the context of medical waste. In NSW, NSW Health's clinical waste policy does not regard human teeth to be clinical waste (although they are acknowledged to be human tissues). 16 Whilst NSW may classify teeth as such, the National Health and Medical Research Council states that there is no national definition of clinical waste in Australia. 17 Not defining human teeth to be clinical waste may seem to be a logical conclusion; patients often take their teeth home with them following extraction. This is accompanied by a lack of anxiety within the profession and society as to how patients may dispose of these once they have left the surgery. Regardless of whether human teeth are defined to be clinical waste, it is important to understand their legal and ethical status is wholly separate from this definition. A low need for concern regarding how teeth may be disposed of should not translate to apathy in how they may be utilized post-extraction.
USE OF EXTRACTED TEETH IN TEACHING AND THE HUMAN TISSUE ACTS
The Australian Law Reform Commission released a report in 1977 that examined the regulation of organ donation and transplantation. 18 The Commission advised that all states and territories should pass legislation to regulate upon this issue. The issue of human tissue removed as part of treatment was specifically excluded from the terms of reference of the report. It was felt that tissues removed in such a manner had no need for legal protection or status. As a result, all the Acts subsequently legislated for in each jurisdiction, except for the NSW legislation, overtly exclude tissues removed from the bodies of patients by a registered medical practitioner during treatment. 19 Therefore, for all of Australia save NSW, the retention and use of extracted teeth for any purpose after medical or dental treatment does not require patient consent as far as the Human Tissue Acts are concerned. There is no mention of dental practitioners in any of the Acts apart from the NSW legislation.
The Human Tissue Act 1983 (NSW) defines tissue as, 'an organ, or part, of a human body and a substance extracted from, or from a part of, the human body'. 20 Teeth come under this definition of being human tissues and thus there is no exclusion of teeth from the Act. Therefore, the use and collection of teeth for educational purposes needs to comply with this legislation. With regards to educational use, this activity comes under the auspices of 'scientific purposes' 21 within the Act. The NSW legislation differs from the legislation from the other states and territories in that section 21x of the Act states, '(1) The use, for therapeutic, medical or scientific purposes, of tissue removed from the body of a person during medical, dental or surgical treatment, is authorised if: (a) the person has given his or her consent in writing to the use of the tissue for that purpose, and (b) the consent has not been revoked'. 22 From this, it can be concluded that for the use of extracted teeth in dental education to be compliant with the legal framework in NSW, explicit written consent must be gained from the donor for this use. The NSW Human Tissue Act also recognizes the need for consent from the next of kin if tissue would be taken from deceased persons, however, this is largely irrelevant for the purposes of this article as teeth are not sourced from the deceased for dental education as far as the authors are aware.
Consent, as a legal requirement for treatment, is not an unfamiliar concept for dental practitioners. The need for treatments to be explained, the alternatives explored and the risks and benefits established is well known and should be already widely practised. This is defined by case law to be the information that a reasonable person would need in order to make a decision in that particular patient's situation. 23 The need for written consent is not always a routine consideration for many dentists who provide extracted teeth for educational purposes. For those dentists who are aware of this aspect of the legislation, this requirement to gain consent in written format is above and beyond what would normally be required to provide treatment. This could be prohibitive to those dentists being involved in the provision of teeth to students. The other aspect that needs to be considered is that once consent is given, the Act provides for this to be revoked (as would be the case in any consent process). Just as in a case where the use of a patient's photograph in a published work cannot be undone, once a tooth enters the system (even if this only constitutes a jar of similarly purposed teeth) it is likely to be impossible for that tooth to be identified and then retrieved. This aspect would need to be raised and highlighted to potential donors at the time consent was gained.
Australia is not unusual in the use of extracted teeth for dental students to practise clinical skills upon. The UK is another such jurisdiction where teeth are used for this purpose and where potentially an equivalent Human Tissue Act governs their use. The Human Tissue Act 24 in the UK gives no requirement that consent must be gained for the use of human teeth in education or training. This removes the relative issue of practitioners needing a separate and distinct consent process in order that they may retain and keep teeth for this purpose. Rather than an exemption for teaching, the removal of tissue during medical and dental treatment is simply not considered in Australia except for in NSW. It may be suggested that the NSW legislation could be relaxed to introduce a similar education-based exemption. However, the appropriateness of this requires examination. Rather than being seen as a prohibitory statute, the Human Tissue Act in NSW should be celebrated for empowering patients in bestowing the right to decide what happens to tissues taken from them as a result of medical and dental procedures. It is not correct for this to be changed for the sake of dental (and medical) education. This is especially pertinent as if the extra effort is made, establishing consent for the retention of teeth is simple. The status quo may make the need for consent a legal requirement but the lack of knowledge surrounding this need has not led to documented patient complaints or actions. This could be due to the fact that many patients are simply not aware that their teeth are being retained and would voice objection if they were made aware of this fact. A utilitarian argument that suggests that extracted teeth serve a greater benefit to society in the clinical skills laboratory than in the clinical waste bin should be dismissed quickly. Whilst unlawful in NSW, it is also paternalistic. In supporting this argument, a clinician, educator or researcher would also be supporting the idea that the profession knows better than society what is good for it. This attitude is not acceptable within contemporary ethical thought.
Whilst NSW is the only state in Australia with a legal requirement for consent to be gained for the retention and use of teeth in dental education, the other states and territories that are not regulated for this purpose should consider how patient rights may be furthered. There may not be a legal imperative to do so, but there is an ethical duty that could be observed. It is worth remembering that even with a lack of legislative coverage on this use, teeth or other tissues retained in the same manner but used for research are covered by the National Health and Medical Research Council's National Statement. This would require an assessment as to whether consent is necessary for the use of tissue in any research by a Human Research Ethics Committee. 25 
IS HUMAN TISSUE PROPERTY?
It has been established that there is a deficit of common law guidance on the use of human tissues removed in the practise of medicine and dentistry. Even the exemption given by the statute does not feel directly applicable to dentistry: the legislation specifies medical, not dental practitioners. It is therefore important to consider the case law in this area and what this may tell the dental profession about the use and retention of tissue in dental education.
Within bioethics and health law, the question of whether human tissue can or should be treated as property is contentious. Distaste for concepts of tissue ownership within Western society can be traced back to religion, with the Christian faith stating that ownership of the body is divine, as well as parallels between ownership of human tissue and concepts of slavery. 26 Other commentators have stated that the traditional legal position that regards tissue as a belonging to no one is supported soundly by public policy for emotional, familial, pragmatic, economic and social reasons. 27 Traditionally, for these reasons, human tissue has been viewed by the courts as something that has no owner. It would be wrong, however, to dismiss the concept of property rights relating to human tissue altogether. The Australian case of Doodeward v Spence, 28 later followed in the English courts by R v Kelly 29 show that in certain instances tissue can acquire a value and become property. In the case of Doodeward, a stillborn human foetus with two heads was delivered in 1868 by Dr Donahoe in New Zealand. The specimen was retained and preserved by Dr Donahoe who kept it as a curiosity. Upon this doctor's death, his estate was auctioned off and the preserved foetus was sold to Doodeward who exhibited the foetus for commercial gain. A policeman by the name of Spence confiscated the specimen and Doodeward pursued action in the courts in order to repossess it. The court found in favour of Doodeward, holding that as the tissue had been altered through work and skill in being preserved for medical and scientific purposes, the tissue became property. The case of R v Kelly supported this finding; Kelly was an artist who stole anatomical specimens from the Royal College of Surgeons in England. Kelly appealed his conviction on the basis that human tissue was not property and therefore could not be stolen. The court applied the same ruling as in Doodeward, finding that the anatomical specimens, having been preserved and prepared which involved the application of skill, acquired status as property. Kelly's appeal was dismissed.
In the USA, the Californian Supreme Court found in the case of Moore v Regents of University of California 30 that a tissue donor had no rights of property over the donated tissue, but a researcher who had applied skill to such tissue would develop rights of property. In this case, John Moore had his spleen removed in 1976 due to leukaemia and subsequently from this time until 1983 he had samples of blood and bone marrow removed as part of this treatment. He was unaware that this tissue was used to create cell lines. This use of the tissue had a significant commercial value. Whilst the courts agreed that the surgeons who had retained tissue without his permission had breached their duty to Moore, he was not entitled to claim any damages due to the unauthorized use of his tissue. The Human Tissue Act 1983 (NSW) requires that written consent is gained for the use of human teeth from those who are donating their tissue for educational or research purposes. Patients, however, do not have automatic rights to retain their tissue after an operation. Although it is common, especially in paediatric dentistry, to return extracted teeth to the individual from whom they were removed, there is no legal duty to do so. If the legal position from case law is applied, when a tooth is removed from a body, it is 'res nullius' (a thing belonging to no one) but if it were to be treated in a manner that applied skill, it would become property belonging to whomever carried out any skilled process.
A worrying phenomenon that is of note in this arena is that of buying human teeth online. Simple searches on popular auction sites and search engines will provide numerous sources of human teeth available for purchase, the purveyors of which tend to be based in developing economies. This contributes to an ethical dilemma that has been commented upon by the dental student body in the USA where students are threatened with non-progression should they fail to source natural teeth to practise upon. 31 Pressures to source teeth in this way are likely to encourage students not to question where such teeth are from and why they have been extracted. One such website offers to source teeth in huge numbers and proudly states that, 'All tooth (sic) are first class quality without any stains, calculus, debris, attrition, holes or cavities'.
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To be able to offer teeth, of every nomenclature, that are free of any pathology or aesthetic blemishes and in such numbers, suggests that these have not been extracted for legitimate reasons. In such instances, it cannot be ignored that there is likely to have been a degree of exploitation of those from whom the extracted teeth were removed. For dental students to support such ventures for their own benefit is a direct affront to the ethical ideals that support the profession they aspire to join. It is also uncertain whether dried human teeth would be exempted from sections of each state or territory's Human Tissue Act, all of which prohibit the trading of tissue unless it has been subject to processing or modification. In many ways, the issue of whether such practice is illegal or otherwise is of less poignancy in comparison to the ethical issues such practise raises.
CONCLUSION
Whilst there are surrogates available that may be used in the place of natural extracted teeth, these are by no means a panacea. Perhaps further developments in these various alternatives may at some point make the use of extracted natural teeth in dental education redundant, but until this advancement occurs, extracted teeth will have a place within the dental educator's armamentarium. There are clearly ethical and legal questions surrounding the status of these teeth; to whom do they rightfully belong once extracted and should patients be engaged as to whether they are happy for their use in dental education? Whilst the legislation exists to require the gaining of consent for the use of natural teeth in education in NSW, there is confusion and a lack of knowledge surrounding the requirements of how this should be gained. Elsewhere in Australia, the law is silent on how human tissue removed as part of a required dental treatment may be used. Whilst there is little appetite to alter the relevant Human Tissue Acts to create a legal requirement for consent, as a profession it would be a useful exercise to question whether the law's silence equates to an equivalent ethical situation where it is acceptable for patients not to be involved in how their removed dental tissues are utilized in professional training. Traditionally, such conversations have existed within the domain of medicine, but as tooth-derived stem cells continue to offer possibilities for wider medical use, perhaps this conversation needs to occur within dentistry as well. The authors hope that this paper will serve to stimulate discussion within Australian dental education as to how natural human teeth may be sourced in a manner that respects relevant legislation and the rights of donor patients. Comments in the form of letters to the editor on this topic would be welcomed, as well as direct correspondence to the authors. It is the authors' belief that a collaboration between dental education institutions in this area to review common and differing procedures in an effort to develop national guidance would be beneficial towards addressing the issues raised in this paper.
Commentators have recognized the alarming parallel between the concept of human tissue being classified as a 'res nullius' and the now defunct concept within Australian land law of 'terra nullius' which saw the rights of Indigenous Australians violated. 26 Whilst the question surrounding human tissue is larger than this isolated case within dentistry, it is important for the profession to question its stance and attitude within this. Should we fail to take interest in this issue, in years to come the dental profession may be accused of complicity in equivalent violations against patients' rights.
